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Title: " A SYSTEM AND A METHOD FOR PROTECTING AN ELECTRIC MOTOR AND ITS 
CONTROL CIRCUIT. AMD AN ELE CTRIC MOTOR" 



Thft pjesent invention refers to a system and methud For protecting a connbin*- 
5 lion of an eieetric motor anri its control uircuii, which aims at detecting pcssiliia technical 
"failijrns tlidi uause th& current to riae. 

An elftntric motOT baMcally comprfeaa a rotor and a stalar. In ordQr for thio motor 
lo funcCon, that Is so say, for thn rotor lo start rrioving, voltage ia applied to tlie stator, In 
riiicing tiie movement ot the rotor. 

10 Usuafly, thR cwnlrol of rotation epccd of the mrvtor is cairieU out tjy means ot 

inverters, wliich in turn aro formed from svuilchea, as for Instaneo a MOSFET (translstot). 

The appli(V4tiOfi of electric motora having cnntrolled speeJ is vwldosprcad, being 
used, for Inctanco, for driving Rr»mpiessors, household appliances, traoHon, elu. 

Basically, when uaeri in pemiane?il-t7iaHnet motora without pojwtion s«»sors, 
15 the invertfirs are uonstiluted by a set ot diodas for ht^tnching the aitemato voMoga, from « 
control central that aetnates- the swiiches and a block responsihl« for Uslecttng the posrtion 
of t)iB ruior by monitoring tho voltages in the pfias«s of motor, making a comparison be- 
tWBon tho monitnred values. The control of the motor is carried out by modulating the voH- 
ay© on the phaee ot the motor, vwhicti consists In applying ond Interrupting the voUape on tho 
20 phases at « likjh frequency. By means of this inodulatlon, It le possible to control th« current 
supplied to said phases of iJte motor, and ono can flrijijst it at Hie Ueslred torque and spertrl 
for its ofjeration. 



2S 



in the caoc ot induction molorsi, the position detector ni the »utur is not ueed. 
tl-ie control of S|.iBBd and torque being effected by mocKilaUng thQ voltage on the phases of 
the motor. 
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In both custm, a control central jb employed. v/hir.h is usuaIN' uynsUiuted by 0 
microcontroller or a signal prorassof, wliidt receives the exrcrnal command for nperaiiun of 
thp inolur and siarting from the monitoring of internal variablas pf the motor/inverter (ourrenr 
on the motor, posil^un of the rotor, etc.), generating commands that supply vcXtag© and cur 
5 rent to ttie motor. 

During tho actuation and functioMiiiy of the motor, the current may undergo 
rfees (or surge current) a© a result of a overload nr else as a result of a short crrouit. 

Tho rse rrf the currarrt resulting from a overload do«.s not Immedialafy endan 
gar the inlHgrity of tho motor •and car hit rnnliolted. However, the current ri«e resulting frnin 
1U a ahor^'Circuit hen a very mpld action, and so a protection mechanism tiriould be actuated in 
order to prevent damage to the motor or the raspeottve control circuit. 

Dederiptian Of The Prior Art 

Thn systems and inolhode for detecting surQ« cufrwnt in eloctric motora 
known from the prior art usually actuatfl hy using a predstermincd current value, that is lo 
1t> say. a mnximtim curr«!iu value is prodotormired, so that th» motor wfll not bo damaged and. 
once thi« value io exceeded, a pratentioii itmuhanisnn fes actuated, proteciirvj the motor ur the 
re^fsTTtive control urvuit. Howovcr. thie protection meti rod does not enable one to differenti- 
ate whether the current rise results from a overload or from m short-circuil, causing the pro- 
lecliuit mechanism to t>e actuAtftd in dtt)«r sltuatlor^. 

20 One prior art approach ij* disclosed in QB 2 2S7 lOO ancJ is relatod to a circuit 

breaker to shut down the pov^rer of an ctootric motor .'n thi=» event of a failure. According to 
ttiis solution, three soparate cir<aiits detetl u slight-overload, a sovere-ovptioeKl or a short- 
circuit an? Rnnii«clad to a Idd panel to indicate the typ« of pmblem that acxjrucd. 

Another relfitad prior ail is disclosed In US 4 550 2G4. Accurdrng this document. 
25 «n elauiric moior le controlled by mea.<iiiring lire eiectrJc current being applied. It is nul fore- 
aftftn a solution lu protect Iho motor in ca.«ie of an overload or a short cjrcuit. 

Short Dsscrlptlon Of The Invention 

The objective of the prc3ent Invftntion is to provide a system and n method 
for dotcoting the occurr«nce of surge on electric motors and its ocmljol circuit, which will en- 
30 Able one to distu-kguieh the occun-nnce of overload on the motor from a short-drcuit, by using 
only a ciinrfint detector adjusted to a preferred limit. 
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Ihls objecllve ts achieved by means of a system foi potecliiiy an electric 
motor «nd its cotiirc* circuit, the control of motor spcod boing earned out by meflns of ai sat 
of owjtches, the ftystsm comprising a co/iird cwntral capable of mcQauring tne etectiinity 
conduction tirrK? of oacfi ot the switches and trt msasure tlie iirii« passed Dstwoon tna begin- 
5 ning »f cwiJuwtion of on© of the switches and the occurrftrv:n of a surgtr, ihy central making 
a comparisnn of said linies and bslng capable of dotcrmining wliftfhftr *aid surge cuneni 
rc3Ult9 from a overload or froi^n a sJ lori-wrcuit of the electrtc motor. 

Ttie present invention oteo refers to n mftthod for protecliiiy an ©tectric motor 
and its confrof drc.ii\[. llie speed control of which ie offcctod t>y means of a set nf .sw'tch«*, 
10 comprising a step ot maasuring the electiicity conduvliufi tim© ot each of the awitcties, a 
step of measuring the time passed between the beginr^ing nf conduction of one of the 
awitchA"* nnd *ie occurreiKe of a surge current, and a step or comparing said Utuas and 
csonsoquentiy detomiinino wturither said surRe current reeiittB from a overloArl nr from a 
shrert-circutt on the oleotric motor. 

1 s in addiliini. Uib present Invention refers to Qn olectric motor, the speed cwtilrol 

of which IB carried out by means of « snt nf bwiictiws, the control of eaid ewitchcs b^ng ef- 
fected by a cofiiiol central ttial )$ capable or moaeuring thn «iectriciry conduction timo of 
each of tt» switches and to measuie tfie time passed between the beginning of condiintlon 
of one of the ewltohee and the ooeiinrftnce of a surg^ cuirenl, Uie central making a compan- 

20 son of UiH vaid times and being capable of determining whether say sjrqe current results 
from a nvflric>ad or from a siliurl-vircuit on tho elcotrio motor. 

Brief Dnscription Of Tha Orawlnga 

The present invention will now be described in greater dctait witti retftr«nce to an 
embodiiiiwil represantod In the drfty/ings. in vrfiich: 

L'b - Fignn? 1 reprssents a schsmaitic diagram at thft speed control uiiuuit of tho 

motor and of the surge nirrent dalyvtw according to the prcacnt invention; 

- Figure 2 shows a ir.mpf>ral diagrarri feprtjswnting the tjctiavior oi tfic current in 
a overlofld r:ijn'eril situation; 

- Figure 3 ahows h temporal diagtairi representing the behavior ot the nwrreitl in 
30 ashort-uirfuitshuation; 

- rigure 4 repreaanle a flow-diagram of the method according to the present in 

vention. 
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DftiaiJed Dsscription Of Tho Figure* 

Tlia system for protecting an cloctric notor and ifs r.nntrol cuL-uit according to 
the proaent invfintion ba^ica/ly cotiiprises a surge current detector 3. nrijiistecl lo a deter- 
mined current iirr>it. 

Figure 1 schematically Illustrates ths moLui 1 and Uie respective cireurts lor its 
control 2 and- fefiriing. Aw:ordinfl to a prefen-ed embodiment of the present invenkiun. the 
motor 1 dCGoribed will be ot the three-phuse type, which does noi prevent the inventbn hom 
hfling appRad to anotf^er type of electric mclor. 

As nan be stwn from figure 1 . ihc motor 1 and its control rircuil 2 are led by a 
source supplying alternate vnltag^that wiJI be rBcitfiod by a set of dioaes D and filtered by a 
c*,payitor C,. A set Of ewitchoa Ch1 - ChG is rftsponsiblt. lor the modulation of tho voltaoft nn 
the phase* F,. F,, and of the motor 1 . The control ot thB snt of swiiches Chl - Che ie car- 
ried out by a control central 7. 

Tlie detection of ourge current fe carrted oui by means of a eurcjo Current de- 
16 tccting circuit 3 that is connected lo the control central 7. which mRasures th« currwit Irs that 
flows along the circuit through the resistor Umi is to say, the current that llovwi trough the 
switches Oh1-Ch6. 

As Wustrnted In figure I, the resietor Hs is installed in « position of the circuit 
LiiMl aflows one to read tho current flowing through phases F„ F,. and ha ot the motor, J.b 
20 current If« basically representfnp the cun'ent Im. 

I ho contml nenlral 7 eiiiil» commando for closing and opnnino Hm swrtches 
Ohl - CI16. besides r&oervins external Information, suuli me signal D,. for rnatancs. The 
signal « generated by lha surpe cup-om detector whon a predetermined Iumit value 
(current limit) 13 exceeded. 
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The surge current detec:ror 3 cujitprises an operational amplifier mountfld a. 
a voltage eomparalur Co, the Inlets of wtiioh are fod with voitagea "E-- and wherein 
"El" Is thovoltaoa of thB first J«rrT,inal of tha reeietcr Hk. nnd "C-" ie the vrmnye of the other 
terminal of Ifds resistor R.. plus an es.s«ntlally constant voltage, dcflnod by the voltage th- 
vider I u and Rg. The +Vo voltage 16 a constant 

The resistor causes iha voltage variations on the resistor (repreeentco 
by Urn current 1^ of tho motor) to he ^rWeci lo Uie constant voltage detin«ri by tha reiisiyrs 
Ra »nH Rq. 
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For a situation in w^irh ilia current Im flowing thr*vigh the 'nolur 1 ie c)050 to 
7«ro, the voUaya "E-" b higher than the voltayy "Et". Thus causing ihe fniWet uf the VOlt- 
ase compBrstof Co to ba at "low" icval. 

When thrt currtrnt thouffh the motor 1 rises fih>yja » 

luvuT fiwit dofinod by the 

5 iiBsisiors Ra, Rb and R,, tho voli«pe in the itilai "E-" booomes 'ower than Uib voltage in the 
inlet correspnndiny lo a current value beyond the adniissible limit that js to any, above Uiu 
ItiMrr Jlmtt. thus charfirtftrizing the detection of surge currwit. In Uiis situation, the outlet of fhs 
comparator Cq paescs trom "low" iRvel to "JiJqh" level, eignoiing fhs occuneiwH of eurgo cur- 
rent fo the cofitrx>» central 7 by means of Tie 

10 The differeriiiatton between a ovei1o»d and a attort -circus ia macle by nwas- 

uring Ui« rise variation time erf fhe current ip^, i.Qm in the event of overload, me current riaei 
oncers gradually, laJdnq a rslativoly lono period of lifne, unltl the Juwr yfii-ie »» reached, 
whweae in the casfts .whefi the motor 1 cntor© into sht>r>-ciit;uit, the I,,mit voKie ia reached 
.f mi<cJi rnure rapidiy, thus onabiing one to iJ»iyct this Wnd of failure by niaasuring the timo. 

15 As already known from the prior art, the speed control 15 carrifld out by teipane 

of switches Chi - Chfi «nd, as rllustratacf In figures S and 3. Uie swltch«e Ch1,C}l4 conduci 
t elsntt-fcily for a dstenmlncd period of time that varies dcpcndino i ipon tli© lotation epcad to 

be imposed to the molor 1 . 

C- In order to determine by means of iho control centra/ 7 whether ttie kind of 

20 tBilure or» the inoior I results from a ow«iiocid or trom a ©hort-circuit, th*» present Invention 
;7 toreeoeo the Tc-timo and T^rtlme meacuronftent. The Td-liih» is counted from ihto beginning 

=3 of tlie conduction of the switches Ch until the monient when the cun^ent hae rcachfjd Ihe 

f« luwT va!i JH. Bial is to say. when the surge cuiieiit occurred (see tfguras 2 and 3). The T„ time 

ie the time of conrluclJun ot tho Switchoe Ch and dnpends upon the ertuotion of motoi upsra- 
2.1 tf on (basically speed and load). 

Figures 2 and 3 represent the temporal diagrams ot th« situations of ovenoad 
and Short cireuit, respectively. By comparing th<% two diagrams, one can see In d«tall lliat, In 
Ihw short-circuit otuatfon, the ciiftejjU ipg reaches the \LiJtT value in rrjuch choner Id time 
when compared with the Ta time in the overioaij situation. 

30 As nan be seen from figure 4 .schematiOiilly, the criterion used for determln.ns 

wlwUiar the surge currnnt results from a overload or from a short-circuit depends upon a 
fe^ation hf>\w»en the X, and r, lime*. Thus, when the relation Tj <. Tc . k is true, this means 
ttiat the rrtotor 1 is in sttoft-cJrcuit. and when fha f el«lion is tetee. this m«aM<i that t}it» motor i 
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fras undergone a overload. The meflsurejneul of the T., and Tc ames, wreit as U»« som- 
paiisnn hetwesn tlie raspeoTlvo VQJues I3 carried nut by irwans of Jhe control central 7. 

The valus nf tlie constant k is a fraction or portion of lijo value (Being & 
numbar ijstwacn 0 and 1), and riefinas tJie limit lor the dbttnction af tha kind of faiJura mat 
5 ocrjiired uii the motor 1 . and may vary dependiny upon the type of motor 1 in lisb, in addi- 
tion to the proteoiion level to ba given to the latter. 

For instanr^, if the value of k le 50% (or 0.5) anri if Tj Urn© te short 
(shortfti Uiaii 50% at Tc), this means that ihei motor 1 « in short-cincuit, and it necessary to 
add eomo protflfition inechafiisni In ordor to avoid damage lo said motor 1. In the ca.sRs 
10 when Ts, le longer {lonfler than or equal to $0% of Tt). this mfM»ns that tlw motor 1 has un- 
r^rgone a overload. 

Resides enabling one to diffftmnitate th& KIirJ of failure occurred on the iriotor 
^ 1 or on one of the switchnft OM - ChS, the present Inventfon furthf-r enables one to cstimata 

the valiJB nf ilio swrfje that oocurrod on thft motoi 1 by evaluating the proportion T/Tc- 

15 A pretertftrl endicxiimont of iho mvontlon having betMi descrtoed. it Should b« 

understooa that ih© ecopo ot the present invention embracae otfiar pcwsible variatfone, being 
llmltod only hy dm contante of the accompanying claims, the pOBsBslO equwfllents belny In- 
cluded therein. 
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Clalme 

1. A syslerri for protecting an olcotrto motor (1) and its conlrol circuit (2). 
the contrd drcuit (2} comprising a eel of switches (Ch) tn conlio; Jhe spsed of 
l^I© motor (1) 

fi me system being charactsrized by; 

wtnprisfng a control oentraf f/) connected tn the uunlrol circuit (2), tnc contra! 
control f/) being cepabJe of mBa*5nriny an eleciricfty conduction timfl {Ti} of ©adi of the 
switches (Ch) aiKJ to meaeurc a time ( Td) pa.ssfi<i Ijeiween the beginning ot ttie conduction 
of one of the swUchns (Ch) the occurrence of a surge, ntirrenl, the surge being meas- 
1 0 uj«d bv moans ot a surge detfintor (3) wfifeh compares the value of a currRnt (Ino) flow© 
trough lti« control circuit (2) to a prftdHtermined curieni (Iumit) value. 

the central (J) making a comparison bstween Uib Umes (T„. Tf) and being capa- 
ble of dctorminiftg whettier tiw surge current results from an rwftrioad or from a short- circuFl 
Jr. Oil Uia electric motor f 1 } or any of the switclies (Ch). 

m . 15 

. T: 2. A system accordine ho nteim 1, characterized in that the nontittl cenftaJ (7) in- 

l s dieatfti a concfition of short-cfrcuft of the motor (1) or on one of the ewitchoa (Ch) when the 

Q lime ( I,.) ig shorter than the tlrn© (TJ muttipliocf by a factor (k) that ranges from 0 lo 1, and 

ihe central (7) indicates a condition of surge of the motor (1) wh«n the Um^ (T.O le longer 
20 -than »w» lime (T.,) multiplied by th« fsetor (k). 



3. A eyatam aonording to claim 2, Gharaaorized tn that th« frtcior (k) Is equal to 



0.5. 



2^5 4. A maihod tor protecting an electric .noior (T ) and its circuit (2), 

the sptjsd control of the motor (1) beirjy carried out by means of a set of 
GWitohea (Ch). 

the method being uljaractertzed by comprising the st«ps of: 
meawjring an olectrichy conduction Uiris (Te) of each Ot the ."iwitrhes (Ch), 
30 measuiing a tims (Tq) paeccd between the bflf|iniiiiig ot conduction Ot one nf the 

tiwitches (Ch) and tho ocftiirr*^nce of a suxqe, and 

comparing ihs timoa (Td. TO and coiisequsr.tly Oetermming whether the surqe 

current resuit.s from an ovsrioad or from a short-circuit of ilie electric motor (l) or on Any of 

the cwrt<dico (Gh), 

35 
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S. A method according to clairu 4, characterized In that, in the comparwon step, a 
corrJiiiun o1 Bhoii-clrcuft of the motor (1) or nn nne of Ujb swHches (Ch) ie indicawcf when the 
time (Td) is sliorler Oian tha time (T,-) multiplicfd by a fantor {k> that ranges ftotn 0 to I. or\<i 
an overioad condiHnn ot tlie mwlor {\)\s IrKllcatod when the time (Td) is bngftr than llie lime 
5 (TJi multiplied by tho tootor < k). 

0. A meltiod according to clolm b, characterized in thai, ifi Uie comparleon step 
the factor (K) is eaual to 0.5. 

10 7. An ©tectric motor (1) having phiisos (F), 

the phaaos (F) boino fed Uy a set of Bwitchee fChj. and 

the switches (Ch> fccmg controilBfl by a control circuit (2) to modulato e VOltapa 
mat is appliflfi to As pi»ases (F) to control tho £5pood of the rrrator (1), 

the mntnr (1) bsing characlerizGd In that tho contrGl ot the switches (Ch) is car- 
1 5 ried out by a oontroi oentral (J) connerr»«d to (Jie control circuit (2). 

th« c-untrol central (7} berng capable of mfiasutiuy iti© electricity conduction time 
(Tft) of OQCh of the switches (Ch) and to measure the tirnc (I J p6S.«iftH between the Uigfn- 
ning of wMuiuctlon Of ono of the 3witct>es (Ch) «nrl the uccurrence of a eurgc currant, 

the iurgn beiny u walue ot a current (Ins) thiit flows trrHtgh ihe phasBK (P) hlflher 
20 Uiuri a predQtcrinfried currerrt (luwir) value, 

lltB central (7) malting a compntv^n between tf>e limws {T„, Tn) and being capa- 
Die ot detftirnining wtiethertha surge current results from an nverload or from a ehort-circuit 
Of the phases (F) Af the electric rtiotor (t) or any of the switches (Ch). 

9- A motor accurding to Claim /. characterized in thai U>» control central {/) indi- 
catae a condition of elv>rt-circoit of t)ie »»oior (i) when tbe time t l«J is shortw ttwn tf->* Utiiu 
<T,) muHiplied by a factor (k) that vanes between f> and 1, and the central (?) indicates a 
condition of overload of the niolor (1) when tne time (fj ia inr^ger than tlie U;ne fTj) multi- 
plied by the factor (k>, 

an 

9. A motor according to claim 0. charactfirbfcH.1 in kbat the factor (k) is equal to 

as. 
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Al > below named inventar. I hcrahj: ilrrlarr ihai' 

My rccidenee, pest ofnee adtlrui ud ciuzcubip aic as ^(ol ntM lu my oamc. 
I taUevt I am tM onguul. nnt and soie invenior (if tnly one um« is liutd bdiS*i> or an orieiia]. fira ami 
joint inveninr (ifplunl nitmn 4n Utl*<i Mcw) of tb« nibjaei mattw "Ueh it elaimKi ami for "hieh ■ p»t«r.; 
it loucht ao the Inveiiijvu cuiillctl 

A systan and a metnod fCa: Protfirtion and e-Acatjr^r- mr>t-r>r nr>A ^^-^ rrmi-rr> \ 

ftiutk •■«> s is anached hereto. 

S was filed on May 10. 7001 as U.S. Application Serial No. 09/831,507 and (if applicable i 

W4* ajwiiJcd Uli - T«-t./ooaQ/Q0cig3 

S wai filed as PCT Iniemaiional Application No. ^^^°"^^^''" on Ti tvefsrht^i- IT .1999 aiid (ifapplicahto 
was amaidcd under PCT Anicle 19 on . 

I hinby staia that I have reviewed and UBdcmand the conitnii of tlir utare^ldenil/lcd spcclAciiloB. including (he clatnu. ax asicndcd by any amendment 
rerercvd lo atiove. 

I oclcnovltdg* tiM iuiy i« dlMlftx Inioirnaiian «blc]i b lualcriiil t« the nanuniilAn Afiltu appbcauoB IB aceerdance with Hlle 37, Code of Ftdcral 

I luniiy claim fereiga priority benefits under "Htk 3S. Uuiied S(»e> Code. of aor fortipi and IVl' application<t> for paKm or invemor's ceniri»<c 
listed ia this betUrailon asd have also IdCDlilied below any foreieo application Tor patent or inveninrN mrtificate kaving a niing date befare thai of ibr 
aimtieatian on wfaich priarit; it daim«r)r 
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I hereby cjaiui the beoefit under Title 3S, United States Code. SIZO of any Uuiled States applicatioo(s> and PTT Inirmaiiiuul Applieationd;) li(i«d in this 
Ueclaration and. insofar as the iiihiccl Tiiarter nf varh «r 4b« claim of this appUealiaa is nat disclosed in the prior Uuitcd .StJirs application In the 
manner provided by the flrst paragraph of Title 35, United SUlo Code, 3112, 1 aelcno«'ItdSC (be duty to duclose material Information as dtllned m Title 
37, Code of Federal Rtgulauotis, i 1 .S^a) trhicb oeeurred belwecn the filine date of the prinr aprU<-Brfi>n and ifa< naiienal ot PCT imcmstional flUnt 
date of this application; 
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I hereby appoint the ruUonlng atiomey$ to proiecuie tBif appHcatien and 10 transact all busiiie<SJi in the Pairm anrf Trademark omca mkkmsiI 
r;" ttterewtlh: Joseph A. DeGrandi ipUS) . Robert G. Wwlarhtr (20£31). Kiehard C. Youbj (JWiS), Michael \. MjkutU (322«). Bernard a. Meany 
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^d, Maurice U. Calm (30«4), Robert Jones W nrralJ ( 379691 . and William J. Buadren (217121. 
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Q sew to (202) «59-l«2. Direct all telephone calls to (202) 659-2811. 

I hereby declare that all stateuenti made bciciu vtmy own knowledge are true and tnat alt ttatemenu made on infarmalioa and belier are belit-Trd tn hr 
true: and fanHef Ifiai these ttateaentx were made with (he Imowledge that wiltfnl falu Aatemcnis and the like so made are puniihablc by fine 01 
ifflpniontntnt. or both. imAtr .^lan lOOl of Title 18 »f the Vnlicd States Code and thjt lucii wiUTuI false siaiemenii may jeoparduc the validity or the 
application or any patent issued (hereon. 
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